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Introduction

Cost-Effectiveness Studies of Environmental Technologies Volume I  is a collection of short cost-effectiveness

studies.  These studies evaluated the cost and performance of technologies sponsored by the Department of Energy's Office

of Technology Development (EM-50) .  This volume includes monitoring, characterization, and remediation technologies.

Future volumes will be available two to three times a year.  Detailed studies on many of the featured technologies are also

available.

These cost-effectiveness studies were developed through use of the Environmental Technology Cost-Savings

Analysis Project’s (ETCAP) standard methodology, which was developed in 1991.  DOE has recognized that improvements

in environmental restoration and waste management methods can potentially save the taxpayers billions of dollars as older,

less-effective technologies are displaced.

A simplified version of the ETCAP methodology can be used by managers to screen technologies, and the full

version can be used throughout OTD sponsored projects to perform cost-effectiveness analyses.  Standardization will

provide quality assurance for future OTD technology evaluations, and furthermore will help ensure that an adequate and

consistent level of cost information is reported during the demonstration of OTD technologies.  For further information

about ETCAP, please contact Steven R. Booth, (505) 667-9422.
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A STANDARD METHODOLOGY FOR COST-
EFFECTIVENESS ANALYSIS OF NEW ENVIRONMENTAL

TECHNOLOGIES

original remediation site may become available for public

use, which is clearly not the intent with in situ  vitrification.

Most ER technologies approach their task in different

ways, which makes the job of the evaluator more difficult.

Our principal goal is to identify a level playing field for

use in comparing the technologies.  This implies that all

aspects of performance and cost of the technologies must

be understood.  Developers of the new technology and

commercial firms that use the base-line technology are

important sources when arriving at this understanding.

Discussions should occur between the evaluator and the

above parties in order to develop scenarios for comparison

where both technologies reach similar performance levels.

 Comparability in cost must also be defined.  The

technologies should be of similar scale and development.

For example, it is preferable to estimate the decreases in

costs that will occur when a new technology is

commercialized and compare these costs to existing

baseline technologies.   Because of its experimental nature,

the costs of a demonstration-stage technology are usually

higher than when the technology is commercialized.  Also,

all system and life-cycle impacts of using one technology

instead of the other must be costed and included.  For

example, with in situ  air stripping, it may be necessary to

include additional monitoring wells relative to those

required for pump-and-treat. The additional monitoring

wells would identify the zone of influence of the injection

and extraction wells, allowing analysts to estimate the

amount of groundwater being cleaned.

Los Alamos National Laboratory has been tasked by

DOE’s Office of Technology Development (OTD) to

develop a standardized methodology for cost-effectiveness

analysis of OTD-funded technologies.  A simplified

version of that methodology can be used by managers to

screen technologies, and the full version will be used

throughout OTD-sponsored projects to perform cost-

effectiveness analyses.  Standardization will provide

quality assurance for future OTD technology evaluations,

and furthermore will help ensure that an adequate and

consistent level of cost information is reported during the

demonstration of OTD technologies.

General Approach

The purpose of cost-effectiveness analysis is an accurate

comparison of the performance and cost of different

technologies on an even basis.  Of course, the fundamental

challenge of the analysis is finding an appropriate way to

compare technologies that, upon initial examination, often

appear to be incomparable, i.e., “apples and oranges”.  For

example, the direct comparison of in situ  air stripping

with traditional pump-and-treat for removal of volatile

organic compounds (VOCs) is inaccurate because the

former technology strips VOCs not only from the

groundwater but also from the vadose zone.  In the case

of in situ  vitrification versus an excavation, treatment,

and disposal alternative, the location of the disposal can

cause the two alternatives to be incomparable.  For

example, if the waste is disposed at a different site, the
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In order to capture all the issues related to performance,

we adopt a “descriptive approach.”  In this approach we

describe the new environmental technology in a detailed

manner, identifying as many aspects of its performance

as possible that may have a significant impact on the cost-

effectiveness of its future application on a broad scale.

When a technology is new, there are not extensive data

available on its application and use.  Scenarios are

constructed showing reasonable possible future

applications; the description of the technology

performance provides the additional means for predicting

how the technology might perform at many different sites.

The descriptive approach is valuable also because the new

environmental technologies under evaluation are

undoubtedly still evolving.  By clearly identifying what

the technologies do now and discussing possible future

developments, we can provide the reader with a foundation

of that will be of use for as long as possible.  Therefore,

our analysis is not simply a cost comparison, but actually

reveals the strengths and limitations of the new technology

within the remediation or WM system.  We intend for the

cost-effectiveness analysis is to be useful for managers

of  integrated demonstrations, for OTD headquarters, for

DOE environmental restoration sites, and for other public

and private enterprises that may wish to adopt the

technology.

Performance and cost data are gathered from multiple

sources, which include  case studies, commercial vendors,

integrated demonstrations, etc.  If cost data are not

available on the new technology, conceptual cost

estimating is used based on the technology developer’s

design.  Sources of cost data and methods for developing

estimates are described further in a later section of this

report.

We allow for uncertainty of performance by using

scenarios with parameters that cover the range of possible

performance.  In this manner, estimates for different site

geologies, wastes, etc. can be developed.  Also, the break-

even point at which the use of the new technology becomes

cost-effective can be shown.

Steps In Cost-Effectiveness Analysis

Cost-effectiveness analysis is best accomplished in a  step-

by-step manner, with emphasis given to understanding

the whole picture before emphasis is given to the details

of cost analysis.  The following figure presents the

principal steps of cost-effectiveness analysis in schematic

form and begins with the definition of the base-line and

OTD technologies, i.e., the technologies to be compared.

The remediation system in which these technologies

operate is then described.  This is a critical step because

the technologies may impact the system in different ways,

and the cost changes must be included in the analysis.

The next step is to develop life-cycle cost estimates of

the alternative technologies.  These are the cradle-to-grave

costs, including the RDDT&E costs  plus the full-scale

application costs for implementing the technologies in a

typical system.  The performance of the technologies is

next described in detail, with emphasis on how the costs

of operation are affected by performance.  Given the

uncertain nature of the performance of many of the new

technologies, we use scenarios based on varying values

of parameters.  In this way, a range of performance can

be estimated, and one can identify a break-even point at

which the new technology becomes cheaper than the base-

line technology.

With the cost data and performance scenarios in hand,
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Diagram of the Six Step Methodology

the cost-effectiveness analysis steps can be completed.

Appropriate discount rates are applied to the costs that

occur over time, escalation factors may be applied, and

the difference in system costs for the new technology

versus the base line is computed.  This cost effectiveness

result will state what the savings would be under specific

scenario conditions at a single site if the new technology

were used instead of the base line at a single site.  To

compute the total cost savings of the new technology, one

must have an estimated number of the sites at which the

new technology is applicable.  It is preferable to estimate

cost differences for applying the new technology in

different environments.  Then the total savings are roughly

estimated by multiplying the number of sites by the cost

savings per site.

A.  Definition of Technologies

The first step in the cost-effectiveness process is to identify

and define the technologies to be compared.  The new

technologies are funded by the OTD’s Division of

Research and Development and Division of

Demonstration, Testing, and Evaluation and are generally

chosen for cost-effectiveness analysis by OTD managers

and/or an integrated demonstration coordinator. The

criteria for selection include the following: the technology

is far enough along in the development process that

accurate performance and cost data are available.

Choosing the base-line technologies for comparison can

be difficult because the RDDT&E  technology may

overlap with several of them.  For example, the SCAPS

technology analyzes the geology of a site (comparable to

a cored hole), takes soil and water samples (comparable

to the split-spoon or Hydropunch), and measures

resistivity (comparable to standard geophysical logs).  In

addition, the new technology may gather novel

information that no base-line technology can duplicate.

Finally, because the new technology is still in the

development process, it may replace additional base-line

technologies in the future.  The analyst must work closely

with the technology developers to identify the base-line

technologies to be used.  The integrated demonstration



7

of the performance of the alternative technologies.

Technology evaluation reports, demonstration results, and

case studies are good sources for this information, as are

the technology developers and users of the base-line

technologies.  For ease of presentation, the relative

limitations and strengths of the alternatives must be

described and perhaps summarized in a table.  Based on

an understanding of the performance of the alternatives,

a series of performance scenarios is developed.  The

scenarios are based on the key performance factors that

differentiate the technologies.

D.  Develop Life-Cycle Cost of

Alternatives

Life-cycle costing involves calculating the total of all cash

flows for the complete time horizon over which the

technology will be used. It can be thought of as the “cradle-

to-grave” cost, because costs from the initial mobilization

stage to the demobilization and long-term control and

monitoring are included.  Life-cycle costing measures the

cost of equipment, materials, labor, and other requirements

for all activities related to the technology.  Because the

technology use generally occurs over an extended period

of time— for example, for a ten-year VOC remediation

effort— the future cash flows must be converted into

present values to aid the technology comparison.  This

involves discounting.  We assume all dollar values are in

real terms, that is, inflation is assumed to be zero.

However, there can still be real escalation rates applied to

particular cost factors that are expected to change in cost

over time relative to the other costs.  For example,

laboratory analysis costs may increase in real terms

because of additional demand for site characterization

analyses dictated by regulatory changes.

technologists are also useful contacts.

After the technologies are chosen, a full description is

made for each, including the operational process, a review

of documentation and case studies of performance, and

benefits and limitations in general terms.  This is critical

to making the evaluation report useful.  Before the cost

specifics are described, the reader must understand the

full context of how the technologies compare in general

terms and exactly where the new technology fits into the

broad scheme of environmental technologies.  (In other

words, what niche does the new technology fill?).

B.  Definition of System

During this step, a study is made of how the technologies

fit into the whole remediation effort or “system.”  For

example, does the RDDT&E technology operate in the

site characterization or remediation component?  Cost-

effectiveness analysis is designed to capture the cost

differences among the technologies.  Consequently, we

examine the system-wide impact of substituting the new

technology for the base-line.  If an activity in the system

remains the same under each case, it is not included in

the cost-effectiveness calculation.  For each of the

following categories:  Site preparation and

Characterization, Ancillary Equipment and Process Rates,

Monitoring and Post-Remediation Requirements,

Environmental Safety and Health Requirements,

Regulatory Permit Requirements and Liability Costs,

Administrative Requirements, and Residuals Treatment,

analysis is made to determine whether or not the

technology substitution will have a cost impact.  The

detailed cost analysis will focus on those aspects that are

different between the two technologies.

C.  Characterize Performance

In this step the analyst attempts to gain a full understanding
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The level of detail of the cost estimate is dictated by the

scenarios to be used in the cost-effectiveness evaluation.

For example, for an analysis of a site characterization

technology, different well depths might be used in the

scenarios.  Consequently, the cost elements that are depth

dependent must be detailed so they can be varied

according to the scenarios.   There is no need to estimate

costs to a lower level than the scenarios dictate.

It is desirable to estimate the life-cycle cost in two stages.

First, an estimate is made of the RDDT&E cost plus the

cost of implementing the technology alternatives ignoring

the system-wide cost impacts.  For example, in an in situ

air-stripping operation, this means estimating the cost of

RDDT&E plus the cost of fabricating, setting up, operating

and maintaining the operation.  Second, all cost impacts

throughout the system brought on by using the new instead

of the base-line technology are calculated, from site

characterization to the disposal of residuals.  These are

the cost differences caused by implementing one

technology instead of another.  Thus, the total system costs

for both alternatives are not being estimated, but only the

differences in those costs, as described in the system

definition section above.  Thus, the cost-effectiveness

comparison consists of comparing the life-cycle costs for

the new technology itself with the cost of implementing

the base-line technology and at the same time accounting

for the impacts on the system.

E.  Uncertainty

Uncertainty is very prevalent in the environmental arena.

At the site  characterization stage, for example, there is

major uncertainty in our understanding of the hydrology

at specific remediation sites and the complexities are still

beyond our modeling abilities.  Much progress is being

made in combining groundwater modeling, uncertainty

analysis, and cost-effectiveness analysis by various

researchers.  Many sites are characterized by a varied

geology and scattered clay lenses where VOCs have

concentrated.  In addition, even in so-called “routine”

drilling operations, the uncertainties involved with striking

cobbles or boulders adds to the cost analysis difficulties.

These uncertainties with respect to the site characterization

have profound effects on our ability to accurately estimate

the cost of implementing environmental technologies.

Another level of uncertainty surrounds the type of waste

that is located in the site under study.  The waste may be

hazardous, radioactive or mixed.  It may be stored in

buried drums, boxes, or tanks.  It may be neatly stacked

underground in trenches, or piled randomly in a pit.  The

level of documentation of many waste sites is low and, of

course, uncertainty abounds.   For the cost analyst, this

creates a problem because the costs of using a technology

at a site depend to a large degree on the type of waste

located there.  At a radioactive site, the worker protection

costs and efficiency losses are very high.

A final area of uncertainty that is important to our analysis

is related to the newness of the technologies being studied.

The performance of RDDT&E technologies is often hard

to estimate under controlled situations, and it is even more

difficult within a scenario of a reasonable site.  Yet

performance is a key element of cost-effectiveness

analysis.

Because of the element of uncertainty in decisions, it is

becoming more necessary to document decisions and

provide reasoning for the steps taken.1  For that reason

methods of analysis can help.  Instead of involving

programmed or intuitive choices, “analysis involves a

conscious, purposeful effort directed at determining the
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proper choice for these decisions”.2  In the discussion that

follows we review some of the methods for dealing with

uncertainty in decision making.

1.  Sensitivity Analysis

One method of analysis is sensitivity analysis.  Sensitivity

analysis is useful for determining the worth of additional

information about uncertain variables.  That is, it involves

detecting which variables have the largest impact on the

cost of the optimal solution when they are changed and

whether more specific information about these variables

is likely to change the optimal solution.3  To determine

these key variables, cost parameters are varied over their

ranges.  This is done one variable at a time in order to

investigate the effect of each on the total cost.4  A diagram

can then be made showing the expected contributions for

different values of the variable.  If the range of possible

expected contribution is small, additional information may

be valuable to pinpoint the uncertain variable within this

range.5  This range also shows for which values of the

variable the current solution is no longer beneficial and a

new approach should be found.  This is how “the

sensitivity of a solution to changes in the data gives us

insight into possible technical improvements in the

process. . . “.6  All variables must be independent for

sensitivity analysis to be accurate, so the effect of only

one changed variable at a time is considered.7

2.  Risk Analysis

Risk and uncertainty are inseparable.  All decisions that

must be made under uncertainty involve risks.  If there is

no uncertainty, a decision becomes a programmed decision

involving no risk.8  Risk can be considered the probability

of an event happening times the consequences if that event

happens.9  In sensitivity analysis uncertainty is represented

by a range of numbers; the concept of risk breaks that

range into discrete values which become the consequences

and assigns probabilities to each.  Assigning a probability

to these key variables is a way to “quantify the uncertainty

associated with each key variable”.10

F.  Environmental Risk

In this section we list some possible approaches that are

being explored for inclusion in the cost-effectiveness

methodology.11  Their delineation of these categories was

actually applied to environmental benefits, i.e., the

improvement in health and other assets afforded by the

cleanup of a Superfund site.  We borrow from their

discussion to apply the same categories (Human Health,

Environmental Assets, Economic Assets, and Production

Assets) and estimation procedures to costs (damages to

health and environmental assets) that might result from

the residuals of applying two different remediation

alternatives or the differing probability of failure of two

alternatives.

G.  Conduct Cost-Effectiveness

Analysis

At this point in the analysis, we have identified the capital

and operating costs for each alternative technology, along

with the net system impacts,  performance scenarios,

uncertainties, and risks.  If the scenario is such that the

technology alternatives remove differing amounts of

contamination, we must cost the alternatives in terms of a

standard unit of measure, e.g., pounds of VOCs removed

or cubic feet of contaminated soil disposed of.12  This

involves loading the capital costs over the lifetime of the

project and then applying that cost to the unit of measure.

That is, what is the capital cost associated with treating a

cubic meter of soil?  Also, the operating costs are put into

the same terms.  After the system impacts of using the
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particular technology are included, a true cost-

effectiveness picture emerges, where the comparison can

be made of the two alternatives in terms of total cost per

unit under the scenarios.  Since the scenarios are designed

to reflect a reasonable site situation for application of the

technologies, one can multiply the cost per unit by the

number of units involved in the scenario to obtain an

estimate of the cost savings associated with using one

technology over the other at a site.

However, if the scenario has been designed so

that both technologies operate at the same speed/

performance level, the life-cycle costs can be directly

compared to see which is more cost-effective.13  This style

of analysis is often useful in determining the cost-

effectiveness of a well-defined project, such as a heating

system that must satisfy established performance

specifications.

H.  Total Cost Savings

The goal of this step is to estimate the total cost savings

possible from full implementation of the technology

throughout DOE, then to compare this number against

the total R&D funds (from the R&D and the

Demonstration, Testing & Evaluation  Divisions of DOE)

that need to be expended to bring the technology to the

commercial stage.   Using the cost savings that result from

the cost-effectiveness analysis done for the site, one can

apply this to the total number of sites in the DOE complex

where the technology could be used.  If possible, it is

preferable to determine cost savings that are site specific

and to apply them to the appropriate sites.  This requires

significant research into what sites would have a need for

the technology.  However, a data base of DOE

environmental sites is now under development and will

be a very useful tool for this estimation process when

completed.  In the meantime, rough estimates of the

number of applicable sites can be multiplied by the cost

savings per site to give an estimated total cost savings.

Conclusion

Clearly the cost-effectiveness analysis of new

environmental technologies is not a trivial undertaking.

As DOE faces a massive clean up effort of waste sites,

the necessity of choosing applying the correct technology

will become imperative.  Insuring that the new innovative

technologies are cost effective is a necessity beyond

measure.  The methodology outlined in this discussion

can be used not only by DOE officials, but also by

managers across the country.
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• In Situ Air Stripping (ISAS) is estimated to remediate
both the vadose zone and saturated zone (groundwater
and sediments below the water table) contaminated
with chlorinated solvents for two-thirds the cost of
conventional methods.

• ISAS can remove VOCs for approximately 58% of
the cost of removal by a combination of conventional
pump and treat and soil vapor extraction.

• ISAS removed 16,000 pounds of VOCs during a 139
day field test at the Savannah River Site in 1990.

• ISAS (with a combination of injection and extraction)
removes VOCs at a rate of 130 lbs/day.

• The total cost per pound of VOCs removed with ISAS
was $15.59; the conventional technology cost $27.07
per pound of VOCs removed.

• Over a five year life cycle, ISAS is expected to
remove 135,780 pounds of VOCs.

Background and Caveats
In situ air stripping is a remediation technology that was

demonstrated at the Savannah River Integrated

Demonstration (SRID) test site in 1990.  The

demonstration used two directionally drilled horizontal

wells to deliver air and extract contaminants from the

subsurface.  This in situ air stripping process was designed

to remediate soils and sediments above and below the

water table as well as groundwater, all contaminated with

volatile organic compounds (VOCs).

This analysis was prepared by the Environmental

Technology Cost Analysis Project (ETCAP), Los Alamos

National Laboratory, and was sponsored by the Office of

Technology Development, Department of Energy.  The

In Situ Air Stripping

cost figures used in this analysis were obtained from actual

practice.

Analysis
The data used in these analyses have a “field

demonstration” level of confidence.  The numbers are

based on a full scale field demonstration.  The performance

comparison consists of Plan 1:  2 horizontal in situ air

stripping wells with the extraction well having the

cumulative VOC removal of 16,000 pounds, and Plan 2:

1 pump and treat well and 4 soil vapor extraction wells

with the cumulative VOC removal of 13,954.  Both the

pump and treat and SVE data were extrapolated to 139

days in order to create a short term field scale comparison

where each system was of the same time duration.  The

pump and treat extrapolation (from 114 to 139 days) is a

minimal extension of existing data.  The SVE

extrapolation (from 21 to 139 days) is based on an

extraction rate of 10 lb/day for day 21 to day 139.  This is

reasonably supported by the pilot test performance.

The performance scenario comparing in situ air stripping

with pump and treat/soil vapor extraction were then

evaluated for costs.  The first economic comparison uses

performance data from actual short term field tests of each

technology.  The equipment capital costs were annualized

over the useful life of the equipment, which is assumed

to be 10 years.  The total site costs for in situ air stripping

alone (Plan 1) are $249,518.  The total cost per lb of VOCs

removed is $15.59.  Total site costs for pump and treat/

soil vapor extraction (Plan 2) are $377,722.  The total

cost per lb of VOCs removed is $27.07.  This comparison
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shows that ISAS can remove VOCs for 58% of the cost

of removal by a combination of the two conventional

technologies.

The second economic comparison uses estimated

performance curves for the reduction in rate of

contaminant removal with each technology to determine

life cycle costs for a remediation time scale of 5 years.

Life cycle costs were generated that reflect the true life

time costs of operation for the remediation system:  capital

costs, ongoing monitoring costs, operation and

maintenance costs, etc.  The net present value for Plan 1

is $1,814,000.  A total of 135,780 lbs VOCs is estimated

to be removed over the five year operation of ISAS.  The

net present value of Plan 2 is $2,656,000.  A total of

121,545 lbs VOCs is estimated to be removed over the

five year operation of the conventional technologies.  This

In Situ Air Stripping Performance Cases vs Conventional Technologies
(5 year life cycle)

comparison indicates that the 5 year operation of ISAS

can remove VOCs from soils and groundwater for 60%

of the cost of removal by conventional alternatives.

Because the 5 year performance of ISAS is not known,

several different simple estimates of the ISAS VOC

extraction rate over time were considered.  Case 1 is the

same performance curve used above.  Cases 2 and 3

illustrate performance curves worse than Case 1.  In Case

2 we assumed that the first year ISAS VOC extraction

rate averages only 86 lb/day.  Case 2 assumes a 50%

reduction of the demonstration rate for years 2 through 5.

In Case 3 we assumed that the ISAS VOC extraction rate

is only 57 lb/day for the entire 5 years.

The cost comparisons indicate that even if ISAS

performance is significantly worse than estimated in Case

1, ISAS remains cost effective relative to the conventional
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technologies.  Note that ISAS Case 3 is still clearly cost

effective relative to the conventional technology.

Perspectives and Cost Drivers
The most expensive component of the ISAS system is

the cost of consumables.  This includes the fuel and

maintenance supplies.  The cost of the carbon recharge at

$101,688 ($2.23 lb carbon/lb VOC) contributes

significantly to the total cost of consumables at $157,761.

This cost occurs each year of operation.  The following

figure shows the percentage of each cost component.  It

is important to note that these cost data are based on

estimates; therefore, ranges of uncertainties were not

considered in this cost-effectiveness analysis because

actual cost data were available.

Compared to the conventional technologies, a pump and

treat/soil vapor extraction combination, ISAS is still less

expensive in terms of the cost of consumables.  ISAS has

a total cost of  consumables of $157,761.  Pump and treat/

soil vapor extraction has a total consumable cost of

$221,265.  ISAS represents a 29% savings even in cost of

consumables.

Site Costs 2%

Annualized Equipment Costs 10%

Labor Costs 25%

Consumable Costs 63%

ISAS Short-term Costs

Applicability
Successful in situ air stripping requires good contact

between the injected air and contaminated soils and

groundwater.  As such, the optimum geologic setting has

the following characteristics:  moderate to high saturated

soil permeability, a homogeneous saturated zone, and

sufficient saturated thickness.  Similarly, optimum

characteristics for the vadose zone are high permeability

and homogeneity.  Air sparging is generally more effective

in coarse-grained soil.  Clay layers, because of their low

permeability, are problematic.  The results of the SRID in

situ air stripping demonstration, however, indicate that

ISAS can be effective in settings where some interbedded

thin and/or discontinuous clays are present.

References
Schroeder, J.D., R.D. Rosenberg, E.P. Barnes-Smith, and
S.R. Booth, "In Situ Air Stripping:  Cost Effectiveness of
a Remediation Technology Field Tested at the Savannah
River Integrated Demonstration Site," Los Alamos
National Laboratory report No. LA-UR-92-1927 (June
1992).
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perpendicular to the line of travel, are the seven

magnetometers mounted with a spacing of 1.5 ft.  Mounted

in the tow vehicle is a GPS transponder system, as well

as the data capture and display equipment.

The STOLS man-portable device contains two

magnetometers spaced 1.5 feet apart, a data capture

system, and GPS transponder system.  The two

magnetometers are mounted on arms that protrude to the

front of the person carrying the device, while the other

electronics are mounted on the back of the person carrying

the system.  The two parts of the system are connected

using a rigid cage that wraps over the shoulders of the

carrier.  The effective grid size of this system is comparable

to the towed device, but is dependent upon the speed at

which the carrier walks and the data capture rate of the

device.  While no specific values for these two parameters

were given by Geo-Centers, it is possible to gain an

approximate estimate of the actual grid size and yield in

data points per acre.

Surface Towed Ordinance Locator System
(STOLS)

•     STOLS is being developed as a faster, more
accurate means of performing magnetometer
surveys of a site.

•     STOLS is primarily used to find low magnetic
signature objects relatively close to the surface.

•     For more hazardous environments, STOLS
provides the surveyors with less danger.

•     For a DOE waste site requiring 5 ft. centers,
STOLS does not become cost effective until high
labor rates and/or at least 50 acres are to be
surveyed.

Background and Analysis
STOLS is being developed as a faster, more accurate

means of performing magnetometer surveys of a site.  It

is a ruggedized, off-road vehicular based system complete

with a portable adjunct for areas which are non-vehicular

navigable.  Physically the STOLS system contains an off-

road vehicle, similar in appearance to a dune buggy, which

tows a trailer.  Mounted on the trailer, in a line

The STOLS system is similar in appearance to a dune buggy.
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points are to be taken.  Rather, STOLS uses the Global

Positioning Satellite (GPS) system to associate latitude

and longitude information with each data point.

In comparing the performance of STOLS and the baseline

technology, we focused on the intended use of STOLS:

the replacement, wherever reasonable, of hand-held

conventional magnetometer surveys.  Thus, we considered

the strategies for performing a magnetometer survey as

listed in previous table.

In order to consider a broad range of possible STOLS

applications, scenarios were constructed that are directly

related to the plans given in the table.  The first scenario

compares the cost of using STOLS (Plans 3 and 4) with

the cost of using on-site personnel and equipment (Plan

1) because STOLS is a service provided by Geo-Centers,

Inc., and is not at this time a hardware and software system

that is offered for sale.  Thus, a per-acre rate was

established from information provided by Geo-Centers.

This use of on-site personnel and equipment is a key

assumption that the first scenario is predicated upon.  We

feel that this is a reasonable assumption in that it permits

the reader to determine what the approximate minimum

costs should be in the absence of any overhead and profits

Perspectives
In this section, we address some of the differences in

performance between the STOLS system and conventional

hand-held magnetometer surveys.  Both methods provide

a way of collecting information about the subsurface

geology, with emphasis placed on locating buried man-

made objects.  In a hand-held magnetometer survey, a

site is divided into convenient areas of about 1 acre each.

The boundary of each area is defined in terms of latitude

and longitude reference points, usually at the corners.  A

grid is laid out in the area, where typical grid sizes are

five foot squares (also known as five foot centers) or two

foot squares (two foot centers).  This yields a typical total

of 1,760 points or 10,890 points per acre, respectively,

for the five foot and two foot resolution grids, where one

acre is 43,560 sq. ft, and a typical acre would measure

220 ft. by 198 ft.

The STOLS towed system is capable of providing 72,600

or more data points per acre in its normal operation, for a

typical acre.  The STOLS man-portable system is capable

of providing 193,600 or more data points per acre in its

normal operation, for a typical acre.  Thus STOLS

provides higher resolution than the baseline.  STOLS

requires no preliminary survey to create a grid where data

Description

Conventional surveys only using on-site personnel and equipment

Conventional surveys only using an independent contractor

STOLS surveys only, using the most cost-effective STOLS device for
the site, ideal site conditions

STOLS surveys only, using the most cost-effective STOLS device for
the site, non-ideal site conditions

Plan

   1

   2

   3

   4

Table:  Performance Comparison Strategies
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charged by contractors that perform this type of survey.

The second scenario compares the cost of using a

contractor to perform the survey in the conventional

manner (Plan 2) with surveys performed by STOLS (Plans

3 and 4).

Each of these scenarios was considered in conjunction

with two other factors.  The first factor was a comparison

made between using five foot centers versus two foot

centers for the hand-held conventional survey.  The second

factor to be considered was the health protection

precautions required by workers at the site.  For the

purposes of the principal study presented here, workers

at the site were assumed to be using level D protection.

The scenarios were then analyzed for their per-acre cost

of performing the survey.  The scenarios are not meant to

be comprehensive cost estimations for site characterization

using magnetometer data.  Rather, we were interested in

comparing the cost effectiveness of the new technology

(STOLS) relative to the baseline technology.

A.  Comparing STOLS with

Conventional (On-Site Personnel)

The results of the comparison are somewhat mixed

depending on the labor rate, site size, and health

precautions being considered.  A general conclusion is

that STOLS is not cost effective for buried waste sites

requiring level D precautions or lower and 5 ft. centers or

larger until the total area to be surveyed reaches 50 acres

and a high labor rate is used.  However, there are other

factors to be considered.  For example, when 2 ft. centers

are required, STOLS becomes cost effective between 2

and 5 acres.  For even tighter grid requirements, we believe

that STOLS will be cost effective for very small site sizes

(less than 1 acre).  Grid requirements are directly related

to the amount of data required to adequately characterize

a given site.  If the site contains only buried waste trenches

and the goal of the survey is to identify those trenches,

then a 5 ft. survey (or an even greater grid spacing) is

sufficient and the additional data provided by STOLS is

of little value.  However, surveys performed at sites that

contain ill-defined burial locations, or at sites where

characterization is important, or when time is critical,

would benefit from the added information and/or speed

available when employing STOLS.

B.  Comparing STOLS with

Conventional (Contractor)

For the contractor prices used in this section, STOLS

becomes cost effective in a variety of site size ranges.

However, the reader is cautioned that all of the concerns

raised in this report still need to be addressed, the principal

concern being that of just how much data is needed to

adequately characterize the site.  Since our survey

indicates that the average charge is approximately $2,000

per acre for a conventional survey (5 ft. centers) of a site

requiring level D precautions, STOLS does not become

cost effective until site sizes of approximately 50 acres

are reached for a typical DOE site.  Similarly, since our

survey gives an average charge of $2,500 per acre for a

conventional survey (again, 5 ft. centers) of a typical DOE

site requiring level C precautions, again a site size of

approximately 50 acres must be reached before STOLS

becomes a cost-effective system to employ.

Cost Drivers

The major cost drivers for the STOLS system are labor,

site size, and mobilization/demobilization costs.  Because

Geo-Centers Inc. does not sell STOLS as a hardware and

software package, the equipment must be moved from

the nearest Geo-Centers Inc. center of operations to the
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centers or denser is required), STOLS becomes the
more cost effective choice.

•    For a ten acre site, using a labor rate of $60/hr and
level C precautions, STOLS saves $57,000 over the
same survey performed in the conventional manner.

•        Although STOLS does not appear to be cost effective
for small sites when compared against typical DOE
magnetometer surveys, STOLS provides two orders
of magnitude additional data that may set the standard
for such surveys in the future.

References

Bremser, J.P. and S.R. Booth, “Cost Effectiveness of the
Surface Towed Ordinance Locator System (STOLS),” Los
Alamos National Laboratory report No. LA-UR-93-4396
(February 1994).

necessary location.  This can mean incurring significant

additional costs that are not incurred by the baseline

technology.  Labor rates must also be considered as a cost

driver because they vary from region to region, starting

as low as $40 per hour and reaching higher than $80 an

hour.  If STOLS is used in an area with high labor rates,

then the cost of using STOLS will increase as well.  Site

size can also affect the total cost of using STOLS.  For a

small site (less than 50 acres), STOLS is not cost effective.

As the size of the site increases, the cost of using STOLS

decreases and becomes more effective.

Applicability

The STOLS towed device is more susceptible to terrain

problems than either the STOLS portable device or the

conventional device.  Therefore, for sites that require any

preparatory work, the models presented in this report

should be updated to include the costs of this work prior

to the selection of the method to employ.  One conclusion

that is indicated by the data is that STOLS becomes more

cost effective as the hazards at the site increase.  If Geo-

Centers so desires, they may be able to build a STOLS

system for hazardous sites requiring level B or A

precautions.  At these sites, STOLS will probably be very

competitive.  STOLS is also desirable in sites that require

the added information available from a denser survey.

Thus if it is believed that there might be objects buried at

a site for which there is no historical or other evidence to

indicate the locations of these objects, and if these objects

are small enough to be missed by a conventional survey,

then the use of STOLS is warranted.

Conclusions

•      When additional data density is desirable (that is, 2 ft.
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•        Ditch Witch horizontal boring technology is a method
of installing shallow (less than 80 ft) environmental
horizontal boreholes and wells in compactible
geologies.

•     The most significant advantage of the technology is
its low cost when compared to other horizontal
drilling methods and its ability to emplace wells and
boreholes with little or no secondary waste
generation.

•    Costs for this technology normally range be-tween
$50-$75 per foot for installation of a horizontal well.
This is significantly less than most other horizontal
drilling methods.

•      Where vertical access is limited and large volumes of
drilling fluids cannot be used, this type of technology
may be the only acceptable method of installing wells
for characterization, monitoring, or remediation.

•     For the remediation of a long, linear plume a single
horizontal Soil Vapor Extraction (SVE) well can be
expected to have performance and costs comparable
to two or three vertical wells.  In these situations
consideration should be given to the practical
advantages of operating and maintaining a single well
over two or three manifolded wells.

Analysis and Caveats
Ditch Witch horizontal boring technology for

environmental applications resulted from an industrial

partnership between Charles Machine Works (CMW) of

Perry, OK and Sandia National Laboratory (SNL).  This

technology is a hybrid horizontal boring technology which

has made use of technology from underground utilities

installation, river crossing drilling, cone penetrometer site

characterization, and other environmental drilling

technologies.  Ditch Witch equipment is intended to be

used in compactible geologies with sands, clays, and

gravels, at shallow depths, less than 80 feet below ground

Ditch  Witch  ®1 Horizontal  Boring  Technology

1 Ditch Witch is a registered trademark of the Charles Machine Works, Inc.

surface (bgs).  It is not intended or expected to perform

well in rough cobble and boulder geologies such as those

encountered at Westinghouse Hanford.  This equipment

was designed to install shallow horizontal boreholes and

wells at competitive costs.  The installation process has a

minimal environmental impact.  The Ditch Witch method

is primarily a low pressure, low volume fluid assist boring

technology.

The cost-effectiveness of Ditch Witch technology was

evaluated based upon its ability to economically replace

existing technologies as well as its ability to drill, with

little or no waste, in sites with limited vertical access.

The technology can also be used in situations where a

need for more screen length in the plume exists.  It is

important to realize that Ditch Witch equipment was

designed to meet a specific range of environmental

restoration needs.  When used in appropriate situations

within this range, Ditch Witch horizontal wells can be

expected to provide cost savings over other technologies.

It is important to recognize those sites, with appropriate

geology and contaminant location, for which this method

may be expected to work well and prove cost-effective.

Cost data for the Ditch Witch technology used in this

analysis are based on estimated costs of actual field

experiments conducted at SNL [Wemple facsimile 6/27/

94].  Individual contractors were consulted for rough cost

estimates for installing specific wells via other horizontal

drilling methods.  Assumptions made regarding the

performance and costs of horizontal vs. vertical Soil Vapor

Extraction (SVE) wells are based on the numerical
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modeling of Birdsell et al  and SVE cost analysis of

Schroeder et al.

Cost  Drivers
The pie chart below shows major costs of installing a

horizontal well using Ditch Witch methods by percentage

of total costs, which normally range between $50-$75 per

foot.  The most significant costs of this technology are

seen in Labor, Equipment, and Consumables.

It must be noted that the cost of Consumables includes

the cost of materials for casing and screening of a

completed well.  Because Ditch Witch equipment installs

the casing and screening via a pull back procedure starting

at the borehole exit, in some geologies it is necessary to

use relatively expensive, high quality casing materials.

In cases where the Ditch Witch equipment is used only

for characterization or monitoring, the percentage of total

cost of Consumables is less, and the primary cost drivers

are Labor and Equipment.  It should also be noted that

these percentages are based on cost estimates of actual

wells installed by SNL and CMW.  These percentages

can be expected to vary somewhat in different geologic

settings.

Perspectives & Calculations
Evaluation of the cost effectiveness of Ditch Witch

horizontal boring technology should consider several

types of scenarios.  This analysis will include scenarios

for:  1) comparison of the cost-effectiveness of different

horizontal drilling technologies at shallow depths and 2)

situations in which Ditch Witch horizontal wells are more

cost-effective for the remediation of a contaminant site

than either vertical wells or other horizontal installation

techniques.

In many situations vertical access to a contaminant site

may be limited or non existent, such as contaminants

located beneath buildings, roads, waste pits, etc.  In these

situations horizontal drilling is often the only means of

accessing a contaminant plume for characterization,

monitoring, and remediation.  Most horizontal drilling

methods are expensive and can be waste intensive when

drilling through a contaminated region.  The table below

compares estimated costs of installing an SVE well with

240 ft of a 4 in. ID screen, 30 ft bgs. in a VOC plume.

Ditch Witch technology can be used to  install this well at

a much lower cost than all other methods except the

Cost Drivers of Ditch Witch Technology

Labor 31%

Consumables 30%

Site
Prep 4%

Equipment 26%

Engineering 9%
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UTILX fluid jet method, which costs nearly the same as

Ditch Witch.  Notice that Ditch Witch is the only method

which does not generate waste materials.  This is a very

important advantage over the UTILX fluid jet, which

generates large volumes of fluid waste that must be treated

and/or disposed.  The fluid jet also runs the risk of

spreading a contaminant plume during the cutting of the

borehole.  Hence, in situations where environmental

impact is an important consideration, Ditch Witch is the

optimal choice of horizontal drilling technologies for work

in shallow, compactible geologies.

Numerical simulations have shown the performance of a

single SVE horizontal well to be consistently greater than

the performance of a single SVE vertical well only in

situations where the contaminant plume is a long, linear

plume (Birdsell et al.).  Here a long, linear plume is

considered to be one where the length of the plume is

greater than the radius of influence of a single vertical

vapor extraction well in a given geology.  For comparison

of the cost effectiveness of horizontal vs. vertical vapor

extraction wells we consider a TCE contaminant plume

240 ft x 120 ft x 30 ft, with the center of the plume located

30 ft bgs in a compactible geology.  Vertical wells are

installed using hollow stem augering, approximately $50/

ft cased and screened, and the horizontal well is installed

using Ditch Witch equipment, approximately $68/ft cased

and screened.

The bar diagram (on the following page) compares the

cost of installing and operating a single vertical vapor

extraction well 45 ft bgs and screened over the lower 15

ft, ($384,800) to the cost of installing and operating a

single horizontal vapor extraction well with a 240 ft

horizontal screened length at 30 ft bgs ($313,200).  This

diagram also shows the installation and operating cost

for three vertical SVE wells within the plume ($311,100).

Here the increased performance of both the horizontal

well and the three vertical wells is assumed to provide a

30% reduction in the required operating time.  The single

horizontal well shows a cost savings of roughly $70,000

over the single vertical well.  If the performance of three

vertical wells is assumed to be equivalent to the

performance of the single horizontal well, however,the

costs of these two alternatives are nearly equal.  If this

assumption is accurate, the most important consideration

in choosing horizontal vs. vertical wells may be simple

practicality.  This includes issues such as access, plume
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location and zone location.  If three or four vertical wells

are to be used, the site being remediated will be unusable

for the duration of remediation activities.  However, use

of a single horizontal well may allow the area above the

contamination to be used during remediation activities.

In addition, a single horizontal well may be far more

aesthetically pleasing and publicly acceptable than three

or four manifolded vertical wells.

Ongoing  Developments
Improvements in the Ditch Witch technology are ongoing

at this time with current emphasis on identifying better

and stronger casing and screening materials. CMW and

SNL are continuing in their efforts to educate regulators

and potential users in the environmental industry about

the new technology and potential applications.  It may be

necessary to approach regulatory agencies to modify

current drilling regulations to accept horizontal boring as

a viable technology.  The relative cost per foot of this

method should not be expected to decrease significantly

as a result of future developments and can be expected to

continue to range from $50-$75 per foot.

*   Assume hazardous waste disposal costs $600 per 55 gallon drum.  Since all methods need waste fluid treatment, except Ditch Witch
technology, waste disposal costs are assumed equivalent @ $4,500.

**  Does not include Mob./Demob.   To be fair, these costs are assumed equivalent, however, in most cases, the Ditch Witch method requires
significantly less equipment, transportation and set up time.

Drilex Rotary Blind 425ft $115,000 $4,500 $119,500

UTILX Fluid Jet Continuous 500ft $22,500 $4,500 $27,000

Eastman Down Hole Blind 485ft $81,600 $4,500 $86,100
Cherrington Rotary

SNL/CMW Ditch Witch Continuous 385ft $26,500  $0 $26,500

Drilling Drilling Type of Total Cost of Well Waste* Total
Contractor Method Well Length Installation Disposal Cost**

Table.  A Comparison of Estimated Costs to Install an SVE Well

Michels
Environmental Fluid Jet Continuous 500ft  $40,000 $4,500 $44,500

Conclusions
•     The Ditch Witch technology was designed to install

shallow (less than 80 ft) horizontal boreholes and
wells in compactible geologies.  When used in
applicable situations, it can provide significant cost
savings.

•     The most significant advantages of Ditch Witch are
its low cost when compared to other horizontal
drilling methods.

•    Costs for the Ditch Witch methods normally range
between $50-$75 per foot for installation of a
horizontal wella horizontal well.
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The Direct Sampling Ion Trap Mass Spectrometer

•    The Direct Sampling Ion Trap Mass Spectrometer
(DSITMS) can be used to analyze water, air, soil,
sediment, and some solid samples for the presence
of a large number of volatile organic compounds
(VOCs).

•      DSITMS can be used to analyze all 34 VOCs on the
EPA’s target compound list.

•    DSITMS is unique because the introduction of the
sample into the instrument does not require any
preparation.

•      DSITMS analyzes samples in less than five minutes.

•      Cost per sample is about 20% of the amount charged
by commercial labs using analytical methods
currently approved by the EPA.

•    DSITMS has a per sample cost of $46 (5 year life
cycle and 3500 analyses per year).  A commercial
lab has a typical per sample cost of $254.

•     The detection limits of the DSITMS are well within
the range required by the EPA (parts per billion and
even parts per trillion).

•     Compared to other field screening technologies, the
DSITMS has the highest possible sample analysis
capacity.

•    At maximum capacity, the cost per sample of the
DSITMS decreases 25% to a low of $33.

Analysis and Caveats
The cost and performance characteristics of the DSITMS,

with  respect to standard sample analysis methodology,

are described under three two-phase scenarios: the first

phase is a site characterization in which soil and

groundwater samples over a given geographic area must

be analyzed so that the geographic dimensions and depth

of a leachate plume can be mapped out; the second phase

is a remediation situation in which the soil and the

groundwater must be sampled regularly and frequently

to determine the change in contaminant levels as the

remediation process proceeds.  The three different

scenarios offer a cost per sample comparison as follows:

the DSITMS only, the DSITMS with 20% of the samples

sent concurrently to a commercial analytical laboratory,

and commercial analytical laboratory analysis only.  The

DSITMS is also compared to five other field screening

technologies in terms of cost per sample and performance

capabilities.  The combination of rapid results, cost

effectiveness, convenience, accuracy, precision, and

sensitivity makes the DSITMS a valuable analytical tool

for environmental applications.  The critical caveat to the

presented results is that field screening data (or some

combination of field screening and use of commercial

laboratory analysis) must be accepted as valid by the EPA.

If the EPA does not accept field screening results as valid,

then field screening does not replace anything; it becomes

an added cost.

Perspectives and Calculations
A measurement of the cost effectiveness of the Direct

Sampling Ion Trap Mass Spectrometer was found in a

comparison of the cost per analysis for the DSITMS and

for a commercial laboratory.  Through the examination

of three scenarios, it was determined that DSITMS is

clearly a preferable alternative to sending 100% of the

samples to a commercial laboratory.  To obtain a cost per

sample for commercial laboratory analysis, data from five

commercial laboratories for standard RCRA-specific

VOC methods was used; the additional charges associated

with CLP reporting protocols were not included.  The total

annual revenues of the five commercial laboratories

ranged from $12M to $70M.  The standard price for VOC

analysis of water samples went from a low of $150 to a

high of $334 with a mean of $249 and a standard deviation
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of $68.  For purposes of the cost comparison, we chose to

use a cost per sample analysis by the commercial

laboratory of $250.

The total cost per sample is calculated by dividing the

present value of the total capital plus life-cycle operating

costs by the total number of samples to be analyzed over

the life cycle.  For the DSITMS, the total cost per sample

is about $46; for the conventional analytical methodol-

ogy, the total cost per sample is about $254.  This amounts

to a cost savings ratio of over 5 to 1; that is, for what it

costs to analyze one sample using the conventional tech-

nology, the new technology can produce results on over 5

samples.  Another way to look at the cost savings is that

one sample analysis using the DSITMS costs about 20%

of that using the conventional methodology, in this case,

a commercial laboratory.

In order not to bias the results in favor of the new

technology, any judgments involving costs were always

For Commercial Lab vs.  DSITMS Field Screening

COST PER ANALYSIS*

* 3500 analyses per year over 5 year life cycle
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made in favor of the conventional methodology.  For

example, a commercial laboratory cost per sample range

of $200-$400 was provided to us, but $250 per sample

analysis at the lower end of that range was used in the

total cost per sample calculation instead of selecting the

highest value.

Another possibility is the scenario in which all of the

analyses were done by the DSITMS, but 20% of the

samples were sent as splits to a commercial laboratory.

The cost savings were calculated by adding the

commercial laboratory cost per sample for the percentage

sent to the commercial laboratory to the total costs of the

DSITMS and subtracting that figure from the total costs

of sending all of the 3500 samples to the commercial

laboratory.

The total cost savings attainable from using only the

DSITMS instead of an off-site lab to analyze 3500 VOC

samples is almost $800,000 in the first year of operation.
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COST PER ANALYSIS*

For Selected Field Screening Technologies

* 3500 analyses per year over 5 year life cycle
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The concurrent use of both the DSITMS and a commercial

laboratory, sending splits of 20% of the 3500 samples to

the commercial laboratory, would save over $600,000.

Employing field screening methods concurrent with some

percentage validation by a commercial laboratory would

be the most likely scenario in which to best utilize such

field deployable technologies.

A comparison was also done of the cost and performance

characteristics of the DSITMS to five other field screening

(FS) technologies.  The five FS technologies include a

field transportable gas chromatograph/mass spectrometer

system developed at Los Alamos National Laboratory

(LANL), a field transportable GC/MS system marketed

by Hewlett-Packard (HP 5890), a field transportable GC/

MS system marketed by Viking Instruments (Viking), a

truly portable GC marketed by Photovac (PVac), and a

portable GC marketed by Sentex .  The principle cost

difference between the various FS technologies depended

on their individual versatility.  The cost of acquiring and

implementing any of these technologies varied from $41

to $51 dollars per sample using an annual sample analysis

rate of 3500.  An average life-cycle present value cost per

sample was calculated for each technology at a 4%

discount rate.  This is done by dividing the present value

by the total number of sample analyses to be performed

over the time period (3500 per year for five years).

The DSITMS has a cost per analysis of $46.  The GS/MS

system developed at LANL has a cost per analysis of $48.

The HP 5890 developed by Hewlett Packard costs $45

per analysis.  The field screening technology developed

by Viking Instruments has a cost of $51 per analysis.  The

GC marketed by Photovac is about the size of a suitcase,

can be easily transported, and has a cost of $41 per sample

analysis.  Another portable GC, marketed by Sentex, has

a cost of $42 per analysis.  All the figures assume the

same number of analyses (3500) over the five year life

cycle.

At maximum capacity levels, where sample availability
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is not limited and the field screening instrument can

perform at theoretical peak productive levels, the DSITMS

has the highest possible sample analysis capacity because

of its quick turnaround time.  The DSITMS can analyze a

sample in approximately 3 to 5 minutes.  This turnaround

time decreases the cost per sample.  At maximum capacity,

the cost per sample for each of the technologies ranges

from a low of $33 to a high of about $41.  For the DSITMS,

the cost per sample analysis goes from about $46 to about

$33, a net decrease of 25%.  This represents a distinct

advantage for the DSITMS in situations where a high

sample analysis rate and rapid turnaround time are

necessary.

Applicability
The DSITMS is capable of measuring volatile organic

compounds at the parts per billion (ppb) level in a variety

of sample media including air, water, soil, sediments, and

solids.  The DSITMS does not handle multi-component

mixtures at greater than about 5 ,due to a lack of GC

separation and to current software limitations.  Therefore

the DSITMS is most applicable to those sites where the

contaminants are few and well defined.  The DSITMS is

modified with a rugged base and can be mounted in a van

or 4-wheel drive vehicle and used with a Pb-acid battery,

so it is extremely portable and could be moved from site

to site.  The DSITMS also facilitates real-time mapping

of the contaminant plume and correct monitoring-well

placement.

Conclusions

• The added use of DSITMS is clearly a preferable
alternative to sending 100% of the samples to a
commercial laboratory.

• Using DSITMS with 20% of the samples sent
concurrently to a commercial lab could save
$600,000 per 3500 samples.

• The principal advantages of the DSITMS are its
speed, simplicity, convenience, and sensitivity.

• DSITMS represents a cost savings ratio of 5 to 1
compared to commercial laboratories.

• The DSITMS costs $33 per sample at maximum
capacity.

• Field screening could save the Department of Energy
about $208 per sample analysis compared to using a
commercial laboratory
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•    In situ vitrification (ISV) is a thermal treatment
technology for the destruction of hazardous waste in
soils.

•      In situ vitrification is applicable to hazardous inorganic
and organic, radioactive, and mixed wastes.

•     ISV  results  in  a  durable end product, permanent
destruction of the organic components, and reduced
handling and exposure to contaminated soil.

•    ISV can process 800 to 1000 tons of  contaminated
soil in a single setting, at a rate of about 4 to 6 tons
per hour.

•      The final waste form generated by ISV is capable of
passing the EPA’s EP-Tox, SWLP, and TCLP leach
tests.

•     At  5% moisture, ISV costs $580 per cubic meter,
versus $2062 per cubic meter for incineration.

•       ISV eliminates secondary waste handling which can
result in savings of 70%.

Analysis and Caveats
In situ vitrification (ISV) is a promising thermal treatment

technology for either the destruction or the immobilization

of hazardous materials in contaminated soils.  ISV melts

undisturbed soil into an obsidian-like glass and crystalline

waste form by applying electric current (3750 kW)

between symmetrically spaced electrodes.  Temperatures

of 1600˚ and 2000˚C destroy complex organics or drive

them off to be captured in an off-gas treatment system,

while radio-nuclides are incorporated into the glass

monolith.

A comparative life-cycle cost evaluation between

transportable rotary kiln incineration and ISV was

performed to quantify the differences in cost between these

two technologies.  Predictions of melt times and power

consumption were obtained from an ISV performance

model over ranges of several parameters including

electrode spacing, soil moisture, melt depth, electrical

resistivity, and soil density.  These data were coupled with

labor requirements, capitalization costs, and a melt

placement optimization routine to allow cost estimation

over a wide variety of site characteristics.

One of the difficulties in comparing new technologies to

established technologies is handling research and

development costs as well as other costs associated with

bringing a new technology to the field.  Each technology

is treated as though it was already established and only

requires the appropriate engineering to bring them to a

specific site.  Charging only the new technology with R&D

costs would be unfair, so this component is left out of the

analysis.

Cost Drivers
The following pie charts, one for ISV and one for

incineration, show a few of the major cost drivers at a

cost per ton amount.  On the incineration chart, secondary

waste, at a cost of $974 per ton, takes up a major portion

of the pie, about two-thirds.  On the ISV chart, secondary

waste, at a cost of $0.002 per ton, is so minor that it cannot

be seen as a separate item and appears as the boundary

between operations and other.  The cost of secondary

disposal is the most expensive component of the cost of

incineration.  ISV creates a vitrified mass that may be left

in place, while incineration requires that the residual be

moved to monitored storage.

In Situ Vitrification
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ISV process equipment specifications have been taken

from an actual bid by the vendor for remediation of a

U.S. Army site.  The costs for equipment have been

verified independently, and wage rates were adjusted to

reflect national averages.  The bid was based on the owner

providing electric power, while our estimate includes the

costs for electricity based on a national average.  All costs

are actual costs and have been adjusted to June 1993.

Contingency
Contingency is included in both cost estimates as a 15%

addition.  The contingency is included to more accurately

reflect the total that a contractor might bid.  Due to

uncertainties about contaminated sites, such as the extent

and nature of the contamination, and the regulations that

may be applied, a contractor would likely include a mark

up to cover unexpected costs.  If the contract were on a

cost plus basis, the contractors exposure to risk is low,

and the contingency could also be lower.  If the site is

poorly characterized and the contractor is taking a lot of

responsibility, the contingency could be higher.  For this

reason, the contingency is calculated as a separate line

item, and can be deleted if desired.

Perspectives and Calculations
The site where the two technologies will be applied is

critical to the analysis.  Changes in the type of waste or

other factors will affect the cost of both processes.  The
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site in this study is 30 meters wide by 90 meters long by 5

meters deep (13,500 cubic meters).  The size of the site is

slightly larger than the expected contaminated volume to

account for small uncertainties in the exact location of

the perimeter.  The soil is homogeneous and contaminated

with low-level radioactive mixed waste.  Costs have been

estimated at soil moisture content of 5%, 10%, and 15%.

The entire contaminated site is located within a larger

government-owned facility.  Based on the scenario that

was developed, ISV is significantly less expensive than

incineration.  At 5% moisture, ISV was found to cost $580

per cubic meter, versus $2062 per cubic meter for

incineration.

Sensitivity Analyses
Total costs estimates for ISV and incineration are

influenced by certain unit costs.  If these influential unit

costs are also subject to uncertainty, then they could cause

large fluctuations in the total cost.  One unit cost that can

affect the total cost is long-term monitored storage.

Especially in the case of incineration, storage is an

expensive component.  An analysis was made of both ISV

and incineration, varying storage costs from $25 to $150

per barrel while holding all other costs constant.  Storage

costs do not influence ISV heavily, but incineration can

fluctuate significantly with changes in secondary waste

disposal cost.  For incineration, storage costs can cause

the total cost to vary from $24 million to $33 million.  It

is not likely that there will ever be a way to leave the

incinerator residual product on the site.

Transportation of secondary waste is also a significant

cost, and one that will vary depending on the location of

the site being cleaned relative to the location of the long

term disposal site.  The cost of ISV is not affected at all

by cost of transportation since the residual product is left

on site.  Incineration cost is dependent on the cost of

transportation, and hence the location of the remediation

site relative to the disposal site is a factor to consider when

selecting a technology.

Another factor to consider is the water content of the site

that is being remediated.  Five percent soil moisture

content corresponds to very dry climate conditions.  Costs

are also calculated at 10% and 15% soil moisture.  With

either technology, water in the soil can make a significant

cost difference.  Incinerator operation is especially

sensitive to changes in soil moisture.

Ongoing Developments
As more experience with actual projects is gained, some

costs of ISV can be expected to go down.  The operation

will become more efficient, and contingencies associated

with this new technology will be reduced.

Conclusions
•      Application of ISV to remediation sites can result in

significant savings.

•     At  5% moisture, ISV costs $580 per cubic meter,
versus $2062 per cubic meter for incineration.

•      ISV eliminates secondary waste handling which can
result in savings of 70%.
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•      The Site Characterization and Analysis Penetrometer
System (SCAPS) is an effective tool for use in
characterization and assessment of contaminated
waste sites.

•     SCAPS data can be used to effectively guide other
drilling, sampling, and monitoring efforts.

•      A major strength of SCAPS is its ability to utilize in
situ chemical sensors for contaminant detection.

•      SCAPS can acquire a significant amount of data (42
to 92 cone penetrometer pushes) for the same cost as
four conventional monitoring wells.

•     The largest factor in the cost effectiveness of SCAPS
is its ability to avoid the installation of some very
costly misplaced monitoring wells.

•    Cost savings of 30% to 50% over the use of
conventional monitoring wells alone are possible
assuming 50% of conventional wells can be avoided
by the use of SCAPS.

Analysis and Caveats
The Site Characterization and Analysis Penetrometer

System (SCAPS) is an innovative environmental

technology for characterizing soil types and detecting

subsurface contaminants.  It is a project of the U.S. Army

corps of Engineers Waterways Experiment Station and

has been tested as part of the Savannah River Integrated

Demonstration.  SCAPS is intended as a field screening

technique to complement conventional drilling:

information about soils and contaminants acquired by

SCAPS can be used to determine better locations for fewer

number of monitoring wells.

SCAPS is intended for use in clayey or sandy soil.  It is

also effective in small gravel and weakly cemented

sandstone; it will not penetrate contiguous rock.  SCAPS

was never intended to supplant drilling, but rather to

Site Characterization and Analysis Penetrometer System

complement drilled wells.  If it is tried in harsh geologic

settings higher rates of failure (e.g., broken push rods)

can be expected, and so it must be used judiciously.

SCAPS is also applicable in the detection of specific

contaminants.  For instance, a sensor is available for semi-

quantitatively detecting POL contaminants and a TCE

sensor is under development.  Other sensor development

is being sponsored by DOE.  The SCAPS system has been

successfully field tested at at least 17 sites, predominantly

in the southeastern United States.

Cost Drivers
The total cost for a SCAPS system is $809,200.  Amortized

at a real rate of 5% over 5 years, the annual cost is $183,24.

One of the significant cost drivers for the SCAPS system

is the cost of labor; the labor cost is equivalent to 14% of

the total cost.  For the conventional technology, monitoring

wells, a  significant cost is the mandated ongoing

monitoring.  Conventional drilling leaves many non-useful

wells which must be monitored or abandoned.  The cost

of monitoring these wells ranges from 10% to 30% of the

total cost for each scenario.  The costs for the monitoring

wells are based on actual field experiences at the Savannah

River Site.  It is important to note that these cost

comparisons are based on actual cost data; therefore,

ranges of uncertainties were not considered in this cost-

effectiveness analysis because actual cost data were

available.

Perspectives and Calculations
The largest factor in the cost effectiveness of the SCAPS

cone penetrometer system is its ability to avoid the

installation of some very costly misplaced monitoring

wells.  In order to analyze the cost effectiveness of SCAPS
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as a complement to the conventional drilling methods,

five scenarios were constructed.  For each scenario, two

possible plans were considered:

Plan 1:  Site characterization by using the

baseline technology only (i.e.,

monitoring wells)

Plan 2:  Site characterization by using some

combination of the baseline

technology (i.e., monitoring wells)

and the SCAPS cone penetrometer

system.

Each of the five scenarios is based on a realistic geologic

and/or waste site setting.  The scenarios cover a range of

scales (size of site), drilling methods, depths, and

percentages of conventional monitoring wells that can be

replaced by the use of SCAPS.

Scenario 1 is constructed to represent a site somewhat

like the Savannah River Site.  The drilling method is mud

rotary, depths are 75 feet, and the target contaminant is

TCE.  In this scenario, 20 wells are required for

conventional site characterization for Plan 1; and for Plan

2, 40 cone penetrometer locations and only 10 monitoring

wells are used.  For this case, the total cost for Plan 1 is

$277,893.  Assuming that 50% of the conventional wells

can be avoided with SCAPS, the total cost for Plan 2 is

$142,833.  The use of SCAPS in Plan 2 represents a 49%

savings in cost over Plan 1 for the given activities.  The

breakeven point occurs at about 15% of conventional wells

avoided.  This means that if Plan 2 can avoid as few as

15% of conventional wells, then the plan has saved money.

Use of SCAPS demonstrates that significant cost savings

are achievable in the range of reasonably expected

situations (i.e., anywhere from 25% to 65% of

conventional wells avoided).

In Scenario 2 a different drilling technology (hollow stem

auger) and a shallow depth (50 feet) are considered.  Due

to differences in drilling cost and depth of the holes, the

costs for well installation are now $7,687 (no core) and

$10,087 (with continuous core).  The breakeven point for

costs is at slightly less than 10% conventional wells

avoided by the use of SCAPS.  At 50% of conventional

wells avoided, the savings are 55%.  The higher cost of

the shallow augering causes a slightly higher utility for

use of SCAPS.  Because a drilling rig requires more time

to set up operations than the SCAPS system (which simply

requires driving the truck to a new location), the

economics of shallow investigations quickly favor the

SCAPS cone penetrometer.

Scenario 3 considers a different kind of situation:  an initial

look at a new site.  When no information is known about

a site, a common practice is to install four monitoring

wells.  This scenario considers the possibility that instead

of installing four monitoring wells for a cursory

investigation, SCAPS pushes could be done.  The cost of

four monitoring wells (all augered with continuous cores

to a depth of 100 feet, a 1 year time span, and a 5%

discount rate) has a net present value life cycle cost of

$72,944.  For a cost of $72,000, a total of sixty total

SCAPS pushes can be done (each to 100 feet depth).  Sixty

cone penetrometer locations would provide more data.

Given an appropriate sensor, a 3-D, semi-quantitative map

of contaminants can be generated.  Anywhere from 42 to

92 cone penetrometer pushes can be done for the cost of

installing and utilizing four monitoring wells, depending

on the depth and drilling method (see figure).

Scenario 4 considers a very large site.  This is done to

investigate how the cost savings achieved by the use of

SCAPS are affected by scale.  The number of conventional

wells is assumed to be 100.  The number of cone

penetrometer locations used is 200.  Mud rotary drilling
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is used; all depths are 150 feet.  The cost breakeven point

occurs at 25% of conventional wells avoided by use of

SCAPS.

In Scenario 5, job factors related to worker safety are

applied to the cost of drilling a well and performing a

cone penetrometer push.  Scenario 5 is the same as

Scenario 1 except for those additional costs for worker

protection due to a radioactive environment; we also

include higher analytical costs attributable to the presence

of radioactive contaminants.  Scenario 5 is not meant to

be a comprehensive cost estimation.  The percent savings

between Plan 1 (wells only) and Plan 2 (SCAPS plus

wells) are higher for the radioactive site than the

nonradioactive site studied in Scenario 1.  In Scenario 5

there is a lower breakeven point in costs, meaning that

even fewer conventional monitoring wells may be avoided

in order for the use of SCAPS to be cost effective.

Therefore, there is an even higher cost savings achievable

by the use of SCAPS at a radioactive site.  It must be

emphasized that this scenario is speculative and does not

consider all aspects of working at a radioactive site.

SCAPS has not been used in a radioactive environment

to date, so this scenario merely illustrates some possible

trends and considerations.

Ongoing Developments
There are several areas that have been identified for

ongoing development in the SCAPS system.  These areas

will serve to increase the utility of SCAPS.  The

performance and economic assessments of SCAPS can

be expected to change in the future as the new technology

evolves or does not evolve, relative to the accepted

baseline technology.  The areas that have been identified

for ongoing development include:

• Sensor Development:  Sensors that are of
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sufficient specificity and sensitivity must be

developed.  Developments will be required

for contact sensors, and also for monitoring

sensors that are intended for permanent

emplacement.

• Automation:   Robotics could be used to

automate the compartment of the truck

where push rods are assembled and

disassembled as the penetrometer rod is

inserted into the ground and then withdrawn.

In this manner, worker exposure to

contaminated push rods (especially

important in a radioactively contaminated

area) can be avoided.  Worker exposure to

contaminants would be avoided and

significant savings could be obtained in

worker protection costs.

• Improved Mapping Capability:  Global

positioning systems can be utilized for

precisely mapping the locations of cone

penetrometer pushes.

• Enhanced Data Analysis:  The addition of

a portable gas chromatograph/mass

spectrometer (GC/MS) in the field can

provide for immediate data analysis of

physical samples.  A library of spectral

responses can be maintained in the field.  A

Silicon Graphics workstation can be added

to the field equipment for rapid 3-D data

visualization.

Conclusions

•    Scenarios 1 through 4 demonstrate that significant
cost savings are possible with the use of SCAPS.

•       Cost savings of 30% to 50% are possible with the use
of SCAPS.

•        SCAPS can avoid the cost of installation, monitoring,
and abandonment of non-useful wells.

•       SCAPS can obtain significant data for the same cost
as four monitoring wells.

•      SCAPS can achieve a better site characterization for
the same cost as the conventional technology.  A better
site characterization can lead to a more efficient, and
thus less costly, site remediation.

•    Rapid ongoing development indicates that SCAPS
will be an even more powerful site characterization
tool in the future.
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The purpose of this report is to study the cost effectiveness

of In Situ Bioremediation (ISBR) with horizontal wells

as tested at the Savannah River Integrated Demonstration

(SRID) site in Aiken, South Carolina.  ISBR is an

innovative new remediation technology for the removal

of chlorinated solvents from contaminated soils and

groundwater.  The principal contaminant at the SRID is

the volatile organic compound (VOC), trichloroethylene

(TCE).  A 384 day test run at Savannah River, sponsored

by the U.S. Department of Energy, Office of Technology

Development (EM-50), furnished information about the

performance and applications of ISBR.

• The overall cost effectiveness of In Situ
Bioremediation (ISBR) is based on the cost
sensitivity of the biological component; as
the biological addition increases, the cost
per pound of VOCs remediated decreases.

• The short-term cost of ISBR with a
biological addition of 40% above the
vacuum component is $21 per pound of
VOCs remediated.  The worse case scenario,
ISBR +  0% addition, costs $29/lb of VOCs
remediated, and is based solely on the
vacuum component.

• The baseline pump and treat/soil vapor
extraction system costs $31/lb in the short-
term and has no possibility of a biological
addition.

• As demonstrated, ISBR has a possible
savings of $1 million at the SRID site alone.

In Situ Bioremediation is based on two distinct processes

occurring simultaneously: the physical process of in situ

air stripping and the biological process of bioremediation

(see figure).  Both processes have the potential to

In Situ Bioremediation

remediate some amount of contamination.  A quantity of

VOCs, directly measured from the extracted air stream,

was removed from the test area by the physical process

of air stripping.  The biological process is difficult to

examine.  However, the results of several tests performed

at the SRID and independent numerical modeling

determined that the biological process remediated an

additional 40% above the physical process.  Given this

data, the cost effectiveness of this new technology can be

evaluated.  In addition to calculating the cost effectiveness

of the ISBR demonstration at the SRID, sensitivity

analysis is conducted in order to determine how the overall

cost of ISBR changes in regards to the performance of

the biological component.  By comparing the overall cost

of this system and the price per pound of VOCs remediated

against a conventional pump and treat/soil vapor

extraction system, we can evaluate the overall cost

effectiveness of the alternative technologies.

System Caveats
The ISBR demonstration at the SRID was set up to address

a “hot spot” of an overall larger VOC contaminant plume.

The pump and treat/soil vapor extraction system is

engineer designed and presumed to perform optimally.

Both pump and treat and soil vapor extraction systems

have been tested at the SRID.  The baseline system (a

combination of pump and treat/soil vapor extraction

apparatus) is integrated to avoid overlapping of equipment

and materials, and is located in an area exactly like the

ISBR demonstration in regards to all necessary site

characteristics, including overall concentration of

contaminants.  By designing both the baseline and the
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Schematic Diagram of the Two Processes Involved in In Situ
Bioremediation

In Situ Bioremediation

Physical Process

Contaminant is removed 
via vacuum extraction.  
This process alone 
remediated 12,096 lbs of 
VOCs during the ISBR 
demonstration at the 
SRID.

Biological Process

Methanotrophic biodegradation
occurs in the ground.  
The additional 40% remediated 
during the ISBR demonstration 
through bioremediation is 
added to the 12,096 lbs of 
VOCs remediated by the 
vacuum extraction.

Schematic Diagram of the Two Processes Involved 
in In Situ Bioremediation

innovative systems to handle equal flow and assuming

equal vacuum extraction performance, a level playing field

for a cost comparison is created.

Analysis
The data used in these analyses have a “field

demonstration” level of confidence and are based on an

actual field demonstration.  The performance comparison

consists of Plan 1, which is based on the new ISBR

technology as demonstrated at the SRID, and Plan 2,

which is based on “equivalent” conventional technologies,

pump and treat/soil vapor extraction, necessary to

remediate the contamination problems addressed by ISBR.

Plan 2 is constructed so that it remediates the same

conditions treated by ISBR at the SRID.  In order to be

fair to both technologies, equal physical process

performance is forced from both Plan 1 and Plan 2.  Plan

1 and Plan 2 are compared based on what it costs to operate

them over equal periods of time.   Performance data

indicate that the vacuum component of ISBR destroyed

12,096 pounds of VOCs in 384 days, and an additional

40% above the vacuum component was destroyed by

bioremediation.  The vacuum component data is used in

the pump and treat/soil vapor extraction system, assuming

that the equal flow rates will remove the same quantity in

an equal amount of time.
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pound of VOCs remediated at about $21.  The integrated

pump and treat/soil vapor extraction with 4 vertical SVE

wells has a total cost of about $380,000.  Assuming an

equal vacuum extraction performance of 12,096 pounds

of VOCs removed, the integrated system has a cost per

pound of VOCs remediated at about $31.  A ratio of ISBR

to the baseline shows that ISBR is 32% less expensive

than the baseline.

Next, an analysis of life-cycle cost was conducted.  A

real discount rate of 2.3% was used to calculate the present

value.  ISBR, with its combination of vacuum component

and bioremediation, costs $1 million and remediates the

site in only 3 years.  The baseline takes 10 years to

remediate the site and costs $2 million.  ISBR, therefore,

saves $1 million and 7 years of remediation.  Even when

we assume the baseline can perform at twice the expected

time and cleans the site in only 5 years, it still costs $1.4

million.  ISBR still beats the baseline by $400,000 and 2

years remediation time.

Where ISBR has the potential to exceed the baseline

technologies is its ability to remediate a portion of the

contamination in situ, thereby eliminating the need to

physically remove the contaminant and process it.  Since

ISBR relies heavily on the biological component to

achieve greater performance, sensitivity analysis is

conducted to compare the cost per pound of VOCs

remediated versus the performance of the biological

component.  Of particular interest is ISBR + 0% addition.

This is a worse case scenario based on a 0% addition

from the biological component.  It assumes that all the

necessary materials are added to stimulate the biological

addition, but no additional remediation occurs.  In this

situation, ISBR still costs slightly less than the baseline,

$29 versus $31, respectively.  By adding a percent addition

of pounds of VOCs destroyed by bioremediation in

The ISBR system, as tested, uses two horizontal wells.

The first well is an injection well, 300 ft long and 165 ft

deep (about 35 ft below the water table).  The second

well is an extraction well, 175 ft long and 75 ft below the

surface (in the vadose zone).  A concentration of methane

(between 1% and 4%) and any necessary chemical

nutrients (nitrogen in the form of nitrous oxide and

phosphorus in the form of triethyl phosphate) are blended

into the injected air stream to create a biological element

for remediation.  The methane provides the necessary

material substrate for the indigenous microorganism to

produce the enzyme methane monooxygenase which, in

turn, degrades the principal contaminant, trichloroethylene

(TCE).  For the conventional technologies used in Plan 2,

four vertical SVE extraction wells are assumed to be equal

in area influenced to the one horizontal extraction well of

ISBR.  One vertical pump and treat well is also used.

Volatilized contaminants from both remediation systems

are sent to a catalytic oxidation off-gas system where they

are destroyed.

Economic comparisons for short-term costs are made by

relying on actual field data and using cost sensitivity

analysis; life-cycle costs are estimated in relation to

possible time to achieve cleanup.  The first economic

comparison is a calculation of the short-term costs in

relation to performance.  Short term costs are those

expenses incurred during the immediate field test

demonstration of the technologies compared (generally

about a year).  The equipment capital costs are amortized

yearly over the useful life of the equipment, which is

assumed to be 10 years.  All short-term equipment costs

are amortized at 7%, which is the interest on the loan.

For ISBR there is a total cost of about $354,000 with

16,934 pounds of VOCs being destroyed by the vacuum

component and biological component, giving a cost per
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addition to that removed via the vacuum component, we

can examine how the cost per pound changes with respect

to the biological component.  Six hypothetical percentages

are used to account for the bioremediation levels:  0%,

20%, 40%, 50%, 70%, and 90%.  The figure below shows

the various hypothetical additions and the decrease in cost

per pound of VOCs remediated.

The baseline technologies in Plan 2 have a constant price

per pound of VOCs remediated of $31 because there is

no biological component.  As the biological addition of

ISBR increases, the price per pound of VOCs decreases.

So, even in the worse case scenario where no

bioremediation occurs, ISBR breaks even with the

baseline.  There is, therefore, no cost risk to run ISBR

over the baseline system.  The savings, however, are quite
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substantial when the biological component is stimulated.

In order for the biological component to occur, it is

necessary to inject methane and nutrients into the system.

Without this material, only the physical, vacuum

component of ISBR is possible.  Because the cost of the

biological component is so inexpensive, ISBR only has

to remediate an additional 1,570 lbs of VOCs over the

12,096 lbs of VOCs remediated with the vacuum

component in order for the system to completely pay for

the cost of the methane injection.  Any additional

remediation is achieved at no extra cost and increases the

cost savings of ISBR over the baseline technologies.

Perspectives and Cost Drivers
The two largest categories in regards to cost for both ISBR

and the baseline system are the costs of consumables and

labor.  The labor and consumables are greater than 85%
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of the overall operating costs; therefore, if the overall

remediation time of the project is shortened, the cost will

drop.  This is due to the nature of the labor and

consumables which are incurred each day of operation.

Since ISBR can significantly decrease operation time,

ISBR lowers the overall cost of the remediation effort.

Applicability
ISBR can be very effective in settings where some

interbedded thin and/or discontinuous clays are present.

ISBR should prove even more successful than in situ air

stripping alone because ISBR contains a biological

component as well as the physical air stripping process.

A potential concern with the use of ISBR is the possible

lateral spread of the contaminant plume.  If the geology

constricts vertical flow, the injection process can push the

dissolved contamination concentrically from the injection

point.  Thus, it may be advisable in heterogeneous

formations to use ISBR in conjunction with a surrounding

pump and treat system that provides hydraulic control at

the site.  Note that the limitations on applicable geologic

settings described above also apply to soil vapor extraction

and pump and treat systems.
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SEAMIST™ Membrane System Technology
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SEAMIST™ System Deployment

• SEAMIST™ is an innovative technology that can
facilitate measurements of soil-borne contaminants
in horizontal and vertical boreholes.

• SEAMIST™ consists of an airtight membrane that
is pneumatically emplaced inside the borehole
along with any attached sampling or measuring
equipment, e.g., sampling ports, absorbent collec-
tors, in situ sensors.

• SEAMIST™ can be used to facilitate characteriza-
tion and monitoring for VOCs, SVOCs, pesticides,
herbicides, PAHs, PCBs, radioactive substances,
metals, and other soil- or water-borne contami-
nants.

• SEAMIST™ can also be used as a platform from
which to tow in situ instruments such as cameras,
neutron logging tools, and sensors through the
borehole to obtain real-time data.

• SEAMIST™ can be installed permanently with
grout, semi-permanently with sand, or on a non-
permanent basis by using positive air pressure.

• SEAMIST™ can be a substitute for conventional
borehole casing, but can also perform some
functions that have no simple baseline of compari-
son, e.g., it can be used in conjunction with
absorbent wicking pads to obtain samples of pore
fluid contaminants on a recurring basis.

• The magnitude of the cost savings possible from
using SEAMIST™ instead of conventional
methods increases as the depth of the contamina-
tion increases and increases as the variety of
contaminants at a site increases.

Analysis and Caveats
This analysis to determine the cost effectiveness of using

the innovative SEAMIST™ technology was performed
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SEAMIST™ technology in Scenario 2 requires horizontal

boreholes, whereas the baseline in this scenario consists

of shallow, implanted soil vapor probes.  Again, the cost

of the fabricated membrane is a major cost to the new

technology; however, that cost is far exceeded by the cost

to drill the required horizontal boreholes.  In this scenario,

the new technology is not more cost effective; it is far

more economical for shallow VOC contamination to use

a system of soil vapor probes.  It is worth noting, however,

that for situations in which the contamination is not

accessible from directly above the surface (e.g., across

waterways or under buildings) horizontal boreholes and

SEAMIST™ may be the only alternative.

Scenario 3 involves obtaining pore fluid from the vadose

zone to analyze for water-borne contaminants such as

nonvolatile organic compounds, PCBs, PAHs, pesticides,

metals, and even tritium.  The SEAMIST™ setup consists

of absorbent wicking pads attached to the side of the

membrane which are in direct contact with the borehole

soil.  The baseline of comparison is a series of vertically

stacked, analogously placed, pressure-vacuum suction

lysimeters.  It is important to note that in this scenario,

sampling for contaminants differs between the two

alternatives.  The cost drivers in this scenario for the

SEAMIST™ setup are the membrane and the cost of

drilling the boreholes.  For the baseline, the principal costs

are the lysimeters, the lysimeter installation, tubing, and

in particular, the cost to sample the lysimeters for pore

fluid.

Scenario 4 involves the use of a neutron logging tool to

obtain measurements of soil moisture under a low-level

radioactive land disposal pit.  Four horizontal boreholes

are drilled underneath the land disposal pit.  A

SEAMIST™ liner is everted in the borehole as the neutron

logging tool is simultaneously towed through it while

within the context of five scenarios.  Each scenario

highlights a different characteristic or need for some

realistic set of site conditions that the DOE may encounter.

Scenario 1 consists of a deep VOC contaminant plume

(about 100 ft) which must be characterized and then

monitored.  Scenario 2 also involves a VOC contaminant

plume; however, this plume is very shallow.  Scenario 3

involves contaminants which are not volatile, but which

exist in the pore fluids of the soil (see bullets).  Scenario

4 involves taking moisture measurements to detect leakage

under a low-level radioactive land disposal pit.  Finally,

Scenario 5 represents a combination of the requirements

of Scenarios 1 and 3; its purpose is to demonstrate that

there is synergism and economies of scope possible which

result in additional cost savings over and above those of

the separate scenarios.

Successful use of the SEAMIST™ technology requires

that the geology of the site be sufficiently stable so that

the borehole does not collapse before the membrane is

emplaced.  Also, the borehole surface must not be so rocky

or sharp that it will tear the membrane.

Cost Drivers
The cost drivers for both the new and the selected baseline

technologies depend on the specific scenario.  For the deep

VOCs of Scenario 1, the SEAMIST™ system consists of

vapor monitoring ports fabricated into the membrane.  The

baseline in Scenario 1 was chosen to be vapor monitoring

ports constructed in conventional PVC casing.  Both

systems have tubing that carries the local VOC vapors to

the surface for sampling and analysis.  The cost drivers

for Scenario 1 are the cost of the membrane for

SEAMIST™ and the cost of the labor to construct the

port system for the baseline.

Scenario 2 deals with shallow VOC contamination.  The
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taking neutron attenuation measurements at 5-ft intervals.

The baseline consists of permanently casing the boreholes

with aluminum and similarly towing the logging tool using

a pulley system.  The cost of the conventional aluminum

casing is far more than that of the SEAMIST™ liner.

The final scenario represents a combination of the

sampling requirements of Scenarios 1 and 3.  The purpose

of Scenario 5 is to demonstrate the economies of scope

that can be achieved with SEAMIST™ that are not

possible with most conventional technologies.  The

combination of vapor sampling ports and absorbent

wicking pads in one membrane produces additional

savings over the sum of the two separate SEAMIST™

system costs.  When the two sets of requirements are

combined, the separate sampling systems can be combined

into one membrane.  Both sampling systems can not be

combined for the baseline.  This integration capability is

by far the most advantageous cost and performance

advantage of SEAMIST™.

Cost Savings
The cost effectiveness of using this new technology was

calculated for each scenario.  The cost data used to

calculate the cost effectiveness were based on actual costs

or stated prices from vendors or a combination of both.

Therefore, no uncertainties were considered for these

scenarios.  For detailed information regarding cost

estimates, see Henriksen and Booth, 1993.

Overall, SEAMIST™ was shown to be more cost effective

the deeper the contamination and the greater the variety

of contaminant substances.  SEAMIST™ can often be

configured to perform tasks that require two different

conventional technologies.  This introduces economies

of scope which can result in significant cost savings.

SEAMIST™ is very easy to remove and to dispose of

after use.  This is in contrast to conventional casing, which

can only be abandoned after costly procedures.

Ongoing Developments
New, stronger fabric materials are continually being

developed for use as SEAMIST™ membranes.  Additional

innovative uses for SEAMIST™ include functioning as

a conduit liner or straddle packer.  SEAMIST™ has also

been used in obtaining gas permeability measurements,

for fracture flow mapping, and to measure brine flow.

Conclusions
• SEAMIST™ can save from 16% to 74% of the

cost of using conventional technologies, depending
on the application.

• SEAMIST™ can sometimes perform tasks for
which there is no conventional analog.

• In contrast to expensive cased borehole abandon-
ment procedures, discontinuing use of
SEAMIST™ may consist of removing the sand or
disconnecting the air flow and then backfilling.

References
A.D. Henriksen and S.R. Booth, “Cost-Effectiveness

Analysis of the SEAMIST™ Membrane System Tech-

nology,” Los Alamos National Laboratory document LA-

UR-93-3750, October, 1993.



42

Acknowledgments

We would like to acknowledge the assistance of the following people in preparing this report.
We are especially grateful to Mary Alice Garcia, Los Alamos National Laboratory, whose expert technical
support contributed significantly to the preparation of this document.  To Claude Durepo who collected
the technical data for the Ditch Witch™ technology and prepared an original draft of the report.  This
work was sponsored by the U.S. Department of Energy-Office of Technology Development (EM-50)
under Technical Task Plan AL-101201.



43

NOTESNOTESNOTESNOTESNOTES



44

NOTESNOTESNOTESNOTESNOTES



This report has been reproduced directly from the
best available copy.

It is available to DOE and DOE contractors from the
Office of Scientific and Technical Information,
P.O. Box 62,
Oak Ridge, TN 37831.
Prices are available from
(615) 576-8401.

It is available to the public from the
National Technical Information Service,
US Department of Commerce,
5285 Port Royal Rd.
Springfield, VA 22161.



Los
N A T I O N A L L A B O R A T O R Y

Alamos
Los Alamos, New Mexico 87545


	TABLE OF CONTENTS
	Introduction
	A Standard Methodology for Cost-Effectiveeness Aanalysis of New Environmental Technologies
	In Situ Air Stripping
	Surface Towed Ordinance Locator System (STOLS)
	Ditch Witch ®1 Horizontal Boring Technology
	The Direct Sampling Ion Trap Mass Spectrometer
	In Situ Vitrification
	Site Characterization and Analysis Penetrometer System
	In Situ Bioremediation
	SEAMIST™ Membrane System Technology
	Acknowledgments

